This study aimed to investigate the effects of dietary Astragalus membranaceus polysaccharide (AMP) supplementation on the growth performance and immunity of juvenile broilers. Highperformance liquid chromatography spectrum and sugar composition analysis indicated that AMP is a heteropolysaccharide with a molecular weight of 11,078 Da and consists of glucose, galactose, rhamnose, and arabinose. Four diets supplemented with four different levels of AMP (0, 0.5, 1, and 2 g kg −1 ) were formulated and tested for their effects on the growth performance and immunity of juvenile broilers. After 6 wk of feeding, the juvenile broilers fed with AMP-containing diets exhibited higher body weight gains; the activities of digestive enzymes (amylase, lipase, and protease), superoxide dismutase and glutathione peroxidase; and serum IgG, IgM, and IgA levels; and lower malondialdehyde level than the control. However, excessive AMP dose (>1 g kg −1 ) could not improve its efficiency further. Results indicate that dietary administration of AMP can improve the growth performance and immune responses of juvenile broilers.
INTRODUCTION
The most critical growth period of broilers is the chick stage. During this stage, the growth and metabolism of broilers are very vigorous. Broilers exhibit strong growth intensity, weak adaptability to environment, and poor resistance to diseases. They can easily die. Healthy breeding of broilers at the early stage of growth creates a solid foundation for rapid growth in the middle and late stages.
Astragalus membranaceus is a perennial herb that is mainly distributed in the northwest of China, which has a cold temperate zone, and in the southern part of the Mongolia plateau. A. membranaceus is widely used in traditional Chinese medicine, especially its dried root known as Huang-qi (Lu et al., 2016) . A. membranaceus has been used for more than 2000 years. It enhances immune function and exhibits liver-protective, diuretic, anti-aging, anti-stress, anti-hypertensive, and antibacterial effects (Lu et al., 2016) .
A. membranaceus polysaccharide (AMP) possesses antibacterial, immunomodulatory, hypolipidaemic, antioxidant, and antitumor activities (Li et al., 2010; Yang et al., 2013; Ma et al., 2017; Pan et al., 2017; Liu et al., C (Castillo et al., 1993; Hong et al., 1994; Yin et al., 2009; Wang et al., 2010) . However, the effects of AMP on the growth performance and immunity of juvenile broilers have not been studied.
This work aimed to investigate the effect of dietary AMP supplementation on the growth performance and nonspecific immunity of juvenile broilers.
MATERIALS AND METHODS

Ethics Statement
This study was approved by the ethics committee of Huahai Institute of Technology, China. All procedures were conducted in compliance with relevant laws and institutional guidelines.
Materials
Dried roots of A. membranaceus were obtained from Gansu Hall Nutritional Health Food Co., Ltd. (Gansu, China). Standard monosaccharides, including galactose, glucose, fructose, xylose, rhamnose, mannose and arabinose, were obtained from Sigma Chemical Co. (St. Louis, MO, USA). All other chemicals were of reagent grade.
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AMP Preparation
Dried roots of A. membranaceus were pulverized and passed through a 60-mesh sieve to yield a fine powder. The powder was then incubated in 20 volumes of distilled water under agitation at 80
• C for 12 h and then centrifuged at 5,000 × g for 20 min. The resulting supernatant was protein separated using the Sevag method (Li et al., 2012) , concentrated (∼20%) using a vacuum rotary evaporator (RE-2010, Shanghai Qiang Qiang Industrial Development Co., Ltd., Shanghai, China), precipitated with 3 volumes of absolute ethanol, filtrated through a 1,000 Da-interception-filter membrane and freeze dried.
AMP Characterization
Proximate components of the products, such as total sugar, protein, and ash, were assayed using the phenolsulfuric acid colorimetric method, Kjeldahl method, and the method described by Hou (2004) . The molecular weights (MW) of the AMP were determined through high-performance liquid chromatography (HPLC, LC-10A, Shimadzu, Japan) by using an ultrahydrogel size exclusion column (LKB-Produkter AB, Bromma, Switzerland) and a highly sensitive refractive index detector (Model ERC-7515 A, ERC Inc., Japan). The AMP was eluted with 0.1 N of NaNO 3 at a flow rate of 0.9 mL/min. Standard pullulan samples (P20-P800, JM Science, Inc., NY, USA) were used as the MW standard. The AMP was hydrolyzed according to the methods described by Sheng et al. (2007) . The monosaccharide compositions of the AMP sample were analyzed by and ion chromatograph (ICS-5000, Dionex, USA) in which a carbohydrate Column (CarboPac PA20, Dionex, USA) and pulse amperes detector (Dionex, USA) were used.
Diet Preparation
AMP was added to a basal diet of 4 concentrations (0, 0.5, 1, and 2 g kg −1 dry diets). The composition of the basal diet is provided in Table 1 .
Juvenile Broiler Feeding
At the beginning of the feeding trial, 80 juvenile broilers were randomly assigned to 4 groups and individually fed with control diet (without AMP) and AMPcontaining diets. Each group consisted of 20 juvenile broilers. The juvenile broilers were cultured in a 3-tier cage equipped with a nipple drinker and provided with diets and water ad libitum.
The room temperature was set at 34 • C to 36
• C for 2 wk during the brood phase and then decreased by 2
• C weekly. Light was provided for 24 h during the first 1 to 3 d and then reduced to 22 h in the subsequent 4 to 7 d. Indoor sanitation was maintained by cleaning the house and washing the drinking fountains every day. The in- cidence of death in experimental chickens was observed and recorded daily in accordance with the normal immunization program.
Growth
At the end of the 6-wk feeding trial, juvenile broilers from each house were weighed. Growth was measured based on the body weight gain of surviving juvenile broilers in each house and was calculated using the formula: final body weight-initial body weight. The feed conversion ratio (FCR) was calculated based on the formula: food intake/body weight gain.
Sample
After 6 wk of feeding trials, 6 chickens were randomly slaughtered. Their blood was withdrawn to prepare serum samples. Their duodenal chyme was collected. The serum and duodenal chyme samples were stored at −80
• C and used for analysis.
Biochemical Assays
The biochemical parameters, i.e., protease, amylase, lipase and superoxide dismutase (SOD) activities, and glutathione peroxidase (GPx) and malondialdehyde (MDA) levels, were determined using ELISA kits in accordance with the methods by Gao et al. (2017) . Briefly, standards or samples were added in the appropriate Microelisa Stripplate wells and combined to the specific antibody followed by a horseradish peroxidase-conjugated antibody specific for the target enzyme. The free components were washed away. Tetramethylbenzidine substrate solution was added to each well. The optical density (OD) was measured spectrophotometrically at a wavelength of 450 nm. The OD was proportional to the activity of the target enzyme, which was calculated by comparing the OD of the samples to the standard curve. A unit of enzyme activity was defined as the amount of enzyme that decreased the absorbance by 0.001 min −1 . All assays were performed in triplicate.
Serum IgG, IgM, and IgA concentrations were determined through immunoturbidimetry by using a Hitachi 7600 automatic biochemical analyzer (Hitachi, Japan). The kit was purchased from Weifang 3-dimensional bioengineering Group Co., Ltd.
Statistical Analysis
All tests were performed in triplicate, and the data were reported as means ± standard deviation. The variance and significant differences among the means were tested through one-way ANOVA using the SPSS software (version 17.0 for Windows, SPSS Inc., Chicago, IL, USA).
RESULTS AND DISCUSSION
Product Characterization
Total sugar, protein, and ash contents of the AMP products were 93.16%, 2.48%, and 0.13%, respectively. The AMP products were water-soluble light yellow powders. The HPLC spectra of the AMP products exhibited only 1 peak, indicating that the AMP contained one kind of polysaccharide with an MW of 11,078 Da (Figure 1 ). Monosaccharide composition analysis showed that the AMP consisted of glucose, galactose, rhamnose, and arabinose. The results obtained in the current study were inconsistent with those found by Chen et al. (2015) . The differences in monosaccharide composition of AMP could be due to the species of A. membranaceus.
Growth Performance
Although dietary administration of AMP improves the growth performance of pigs (Yin et al., 2009 ) and chickens , its effects on juvenile broilers are unclear. In the current study, no significant differences in food intake among all groups were observed after the 6-wk feeding trials, but the body weight gains were higher in juvenile broilers fed with AMP-containing diets than those of the control group (Table 2, P < 0.05). Furthermore, FCR was lower in juvenile broilers fed with 1 g kg −1 AMP-containing diets than those in the control group (Table 2, P < 0.05). The growth-promoting effects of AMP on juvenile broilers may be due to its stimulating effects on the expression of digestive enzymes (Tan et al., 2013) .
Intestinal Digestive Enzymes
The changes in the activities of digestive enzymes amylase, lipase, and protease after the 6-wk feeding trial are shown in Table 3 . The broilers administered with dietary AMP exhibited significantly higher amylase, lipase, and protease activities than those in the control group (P < 0.05), indicating that AMP can induce the expression of digestive enzymes. This phenomenon could be due to the antibacterial activity of AMP (Ma et al., 2017) , which suppressed the expression of other digestive enzymes, thereby inducing the expression of the intestinal digestive enzymes of juvenile broilers. However, the group administered with AMP at an excessive dose (2 g kg −1 ) exhibited significantly lower amylase, lipase, and protease activities than the group administered with moderate AMP dose (1 g kg −1 , P < 0.05).
Immune Parameters
Although the immunoregulatory activity of AMP has been reported (Yang et al., 2013; Liu et al., 2018) , studies on the effects of AMP on juvenile broilers are limited. Table 4 shows the changes in SOD and GPx activities and MDA levels of juvenile broilers fed with AMP-containing and control diets for 6 wk. The juvenile broilers fed with AMP-containing diets exhibited higher SOD and GPx activities and lower MDA levels compared with those in the control group (P < 0.05). In previous studies, dietary AMP administration improved the SOD and GPx activities of sea cucumber (Apostichopus japonicus) (Wang et al., 2009 ) and lambs (Zhong et al., 2012) .
Serum IgG, IgM, and IgA Levels
After the 6-wk feeding trials, the serum IgG, IgM, and IgA levels of juvenile broilers fed with AMPcontaining diets were higher than those of the control group (P < 0.05) ( Table 5 ). This phenomenon could be due to the immunomodulatory activity of AMP (Yang et al., 2013; Liu et al., 2018) . However, excessive AMP dose (>1 g kg −1 ) could not improve the serum IgG, IgM, and IgA levels of juvenile broilers further (Table 5) . −1 ), feed intake (%), and feed conversion ratio (FCR, %) of juvenile broilers, after 6 wk of feeding the experimental diets. Different superscript letters (a, b, and c) indicate significant differences between the same row (P < 0.05) for juvenile broilers. Values are the mean ± SD (n = 3).
CONCLUSIONS
Dietary AMP administration improved the body weight gains; the activities of digestive enzymes (amylase, lipase, and protease), SOD and GPx; and serum IgG, IgM, and IgA levels and decreased the MDA level of juvenile broilers. Considering the different effects of various AMP doses on the above parameters, we identified 1 g kg −1 as the appropriate AMP dose. The results indicated that AMP is an immunostimulant that can be used to enhance juvenile broiler growth and immunity.
